Study Design: Retrospective study. Purpose: To investigate safety profile of open door laminoplasty plates. Overview of Literature: Few reports have documented potential complications related to the use of cervical laminoplasty plates. Methods: Records and radiographs of consecutive plated laminoplasty patients of one academic surgeon were analyzed. Group1 had screw back-out, defined as change in screw position, and group 2 did not. Results: Forty-two patients (mean age, 56.9) underwent "open-door" cervical laminoplasty using 165 plates. Mean follow-up was 24 months (range, 12-49 months). Mean Nurick grade improved from 2.1 to 0.9 postoperatively. Cervical lordosis (C2-7) was 12.1° preoperatively and 10.0° postoperatively. Range-of-motion was 27.0° preoperatively and 23.4° postoperatively. Partial screw back-out was noted in 27 of 165 plates (16.4%) and in 34 of 660 screws (5.2%). Of the 34 screws, 27 (79.4%) were at either the most cranial (12/27, 44.4%) or the most caudal (15/27, 55.5%) level. Cranially, 11/12 screws (91.7%) had back-out. Caudally, 9/15 lateral mass screws (60.0%) backed-out versus 6 laminar screws (40.0%). Of the 22 patients with screw back-out, 15 (68.2%) occurred <3 months postoperative and 6 (27.3%) occurred 4-12 months postoperative. No statistical differences were found between group 1 and 2 for age, gender, preoperative and postoperative lordosis, focal sagittal alignment, range-of-motion, or Nurick grade. Despite screw backout in 22 patients, there were no plate dislodgements, laminoplasty closure, or neurological deterioration. Conclusions: Although screw back-out may occur with the use of cervical laminoplasty plates, the use of these plates without a bone block appears to be safe and reliable. As screw back-out is most common at the cranial and caudal ends of the laminoplasty, we recommend using the maximum number of screws (typically 2 for the lateral mass and 2 for the spinous process) at these levels to secure the plate to the bone. 
Introduction
Laminoplasty is an accepted treatment for symptomatic cervical myelopathy resulting from spondylotic disease [1, 2] and ossification of the posterior longitudinal ligament [3] . It avoids the surgical morbidity [4] [5] [6] [7] [8] [9] [10] [11] [12] and the graft related complications [1, 2, 7, 10, [13] [14] [15] associated with anterior cervical surgery and has become the treat-ment of choice for myelopathic diseases involving three or more cervical spinal segments [2, 7, [16] [17] [18] [19] . Since Hirabayashi et al. [3] first reported the result of open-door laminoplasty in 1977, the technique is commonly practiced in the United States and Europe [20] .
In the original description, the open-door laminoplasty is kept open with a suture technique [3] . Sutures are placed at each level through the base of the spinous process and then through the zagapophyseal articular capsule and surrounding muscle fascia on the hinge side. Closure of the laminoplasty using suture technique was reported [2, 3, 17, 21, 22] . This prompted the development of a variety of methods using auto-or allograft [23] , hydroxyapatite [24, 25] , glass ceramic [26] and metal plates [20, 23, 24, [27] [28] [29] [30] (Fig. 1A) . However few reports have documented the potential complications related to the use of the plate and the aim of the study is to describe any potential complication and the clinical observation of screw back-out in these laminoplasty plates.
Materials and Methods
A retrospective review of patients who had open-door laminoplasty were done. All consecutive patients who had undergone "open-door" cervical laminoplasty using Ti-Mesh LP laminoplasty plates (Medtronic Sofamor Danek) without a bone block by a single surgeon (KDR) at a single academic institution were identified. Patient clinical data was recorded with attention to preoperative patient age, gender, and neurological deficits based on Nurick grading [7, 19] . Operative data and any complications were studied. Degree of cervical lordosis and range of cervical spinal motion were measured in both preoperative and postoperative plain radiographs. Patients were divided into two groups: those who had evidence of screw back-out from the plate (group 1) and those who did not (group 2). Screw back-out was defined as a change in screw position on serial radiographs. SSPSS ver. 20 (IBM Co., Armonk, NY, USA) was used for statistical analysis.
Results
In our study, a total of 42 patients with a mean age of 56.9 years (range, 30-85 years) underwent "open-door" cervical laminoplasty using a total of 165 plates. There were 10 female and 32 male patients. The average operative time was 170 minutes (range, 75-240 minutes) with a 190 mL (range, 100-900 mL) estimated blood loss. The mean postoperative follow-up was 24 months (range, 12-49 months). The average Nurick grade improved from 2.1 preoperatively to 0.9 postoperatively. Cervical lordosis (measured from C2 to C7) was 12. 
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This plate provides inherent bone-plate stability upon application to the opened lamina, and makes screw fixation easier. The "mouth" of plate accepts the cut edge of lamina and the ventral prong on the lateral part of plate catches the cut edge of the lateral mass. 2-hole screw fixation is allowed at each end of the plate when compared to other laminoplasty plate system.
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Cranially, 11 of 12 screws (91.7%) had evidence of backout from the lateral mass, whereas caudally, only 9 of 15 screws (60.0%) had back-out from the lateral mass with the remaining 6 screws (40.0%) having back-out from the spinous process (Fig. 2) .
Of the 22 patients who had evidence of screw back-out, 15 (68.2%) had evidence of screw back-out within the first three months of surgery and 6 (27.3%) had evidence of screw back-out from 4 to 12 months following surgery. There was no change in any screw position after the first year of patient follow-up. No statistical differences were found between group 1 and group 2 with respect to patient age, gender, preoperative and postoperative cervical lordosis, focal sagittal alignment, range of motion, or Nurick grade. Despite evidence of screw back-out in 22 patients, there were no instances of plate dislodgement, laminoplasty closure, or neurological deterioration following surgery at the final patient follow-up.
Discussion
The use of miniplates obtained from the cranial fixation systems to avoid closure of the open-door cervical laminoplasty was first described by Frank and Keenen [27] in 1994. Using computerized morphometric analysis, O'Brien et al. [29] had confirmed an average increase in cervical canal diameter to 11.6±1.2 mm or 105% in 10 myelopathic patients who underwent laminoplasty held by this plate. In their study, a straight 5-holes miniplate was bent into a "Z" configuration to allow for a one-hole fixation into the laminar and its corresponding lateral mass. Although the technique is effective, the "z" plate application is challenging as the plate often slips away from the bony surface. Park and Heller [30] had modified the 2 ends of the plate (Ti-Mesh LP system plate; Medtronic Sofamor Danek) to provide initial resistance to displacement of the plate-bone interface. This is achieved when the "mouth" of the plate accepts the cut edge of the lamina and the ventral prong on the lateral part of the plate catches the cut edge of the lateral mass along the gutter. This inherent plate-bone stability facilitates subsequent screw application. Also the plate is designed to allow a two-holes fixation on both of its ends to increase screw placement options and plate stability (Fig. 1B) .
In the current study, 42 patients had undergone "opendoor" cervical laminoplasty using a total of 165 plates (TiMesh LP system plate; Medtronic Sofamor Danek) and 660 screws with no bone block. In these patients, the average Nurick grade had improved from 2.1 preoperatively to 0.9 postoperatively. Cervical lordosis was 12.1° preoperatively and maintained as 10.0° postoperatively. The rangeof-motion in the cervical spine was preserved from 27.0° preoperatively to 23.4° postoperatively. There was no restenosis from laminoplasty closure, plate dislodgment or neurological deterioration. These results fulfilled the aims of using laminoplasty plates to provide immediate postlaminoplasty stability in patients and allowing early neck mobilization without the risk of lamina closure in attempt to achieve better preservation of cervical motion and possible reduction of postoperative axial neck pain [30] . Similar results have been reported using various forms of laminoplasty plates.
Iwakura et al. [28] compared the postoperative results between 38 patients who underwent laminectomy and 32 patients with laminoplasty held with titanium miniplates. Post-laminectomy spinal deformity occurred in 5 (13%) patients and none in the laminoplasty group. The author concluded that laminoplasty with miniplates provided stability to the posterior cervical column and was a useful and safe technique. Deutsch et al. [20] reported the re- Despite the favorable clinical outcomes reported in the current study, radiologically partial screw back-out was noted in 16% of the plates and in 5% of all the screws. Interestingly 79% of the partial screw back-out occurred at either ends of the laminoplasty, of which 44% were found at the most cranial and 56% at the most caudal end. At the most cranial end of the laminoplasty 11 screws were found to have backed-out partially at the lateral mass and one screw at the lamina end of the plate. At the most caudal end of the laminoplasty 9 screws were found to have backed-out partially at the lateral mass and 6 screws at the lamina end of the plate. These results have not been previously reported in the literature.
Statistical comparison between the patients with evidence of partial screw back-out (group 1) and those who did not (group 2) showed patient age, gender, pre-and post-laminoplasty Nurick grade, cervical lordosis, range of cervical motion and focal sagittal alignment at either ends of the laminoplasty were not risk factors for screw back-out. Screw back-out at either ends of the laminoplasty may be related to one or combinations of others factors. Firstly, judicial dissection at both ends of the laminoplasty to avoid damage of the semispinalis cervicis at the base of C2 and trapezium muscle insertion at C7 is required to prevent the development of post-laminoplasty kyphosis and axial neck pain; limited exposure and access are often found at both ends of the laminoplasty. This makes instrumentation and screw application at both ends of the laminoplasty more awkward with less ideal screw placement trajectory and possible increase fixation error when compared to screw insertion in the center of the laminoplasty. Evidence of increased screw back-out from the most cranial lateral mass compared to the lateral mass screw back-out at the caudal end of the laminoplasty further substantiated the concept of difficult access for screw fixation, as the most cranial lateral mass is found in the deepest part of the surgical field from the skin incision (Fig. 3) . Secondly, failure to retighten the first screw after the application of the second screw at each end of the plate may cause the first screw to loosen. With the first screw in situ, the second screw drives the plate closer towards the bone while it is being tighten, this may increase the space between the first screw head-plate interface as the plate is driven closer towards the bone and moved relatively away from the first screw head (Fig. 4) . Finally, the use of short screws with a 2.6 mm diameter and 5 mm in length as described in the original technique by Park and Heller [30] allows little room for screw fixation error. The use of a longer 7 mm screw may increase bony purchase and afford greater margin of technical error during screw application and that may result in less screw back-out as observed in the recent cases.
A limitation of the current study is its retrospective design which relies on data collection from past medical records. No records of practice of routine final tightening of all screws or the screw lengths being used could be found for the study. In addition it is not a routine practice to subject patient to a post-laminoplasty CT cervical scan and thus post laminoplasty spinal canal dimension analy- sis was not performed. Despite partial screw back-out was found radiologically with unknown significance, clinically this study has provided evidence of a favorable clinical outcome in patients who underwent open-door cervical laminoplasty with Ti-Mesh LP plates (Medtronic Sofamor Danek). There were no plate dislodgements or laminoplasty closures resulting in patient neurological deterioration found in the study.
Conclusions
Although screw back-out may occur with the use of cervical laminoplasty plates, the use of these plates without a bone block appears to be safe and reliable. Should one discover radiological evidence of partial screws back-out, these often result in no significant clinical problems. Majority (68%) of screw back-out occurred within the first three months of surgery and no further change in any screw position was found after the first year of patient follow-up. As screw back-out is most common at the cranial and caudal ends of the laminoplasty, we recommend using a maximum number of screws (typically 2 for the lateral mass and 2 for the spinous process) at these levels to secure the plate to the bone. The use of 7 mm long screws instead of 5 mm ones and the practice of retightening of all screws after the initial placement of the screws at the end of the operation may further reduce screw back-out from the plate. 
